The Urbach tail in crystalline GaAs and Si due to thermal vibration is evaluated in the temperature range 0 -810 K. Recent experiments suggest that there is no thermally induced Urbach tail in undoped GaAs. This is most unexpected since thermally induced tails at the absorption edge having the Urbach form and widths Eo(T) linear in T are observed in a wide range of crystalline and amorphous semiconductors. Clear understanding of the tail is important in device applications. In our calculations, we obtain an absorption tail having a simple exponential energy dependence (Urbach form) in GaAs at all temperatures with Eo(T) proportional to T. However, due to a very weak electron-phonon interaction, the magnitude of Eo(T) is unusually small, much smaller than the temperature independent, structurally induced component Fo 10 meV. As a test of the method, the tail is similarly evaluated in Si providing an Eo(T) value in agreement with experiment.
I. INTRODUCTION
Optical absorption in crystalline and amorphous materials is of great intrinsic interest and has wide application in devices. Absorption begins when the incident photon energy E is large enough to excite electrons across the energy gap EG between the valence and conduction bands. O.pe denoted the Urbach tail. Ei(T) is an energy close to Eã nd Eo(T) determines the width of the tail. Urbach tails are observed in nearly all materials and are the subject of several reviews.
The tail is generally attributed to disorder in the material that leads to a tail in the valence and conduction bands. Disorder induced band tails are generally denoted Lifshitz tails. s In crystals at low temperature, dopant impurities randomly located introduce disorder for which, typically, Eo 10 meV. In amorphous materials, the disordered siting of the constituents lead to Ep 50meV. At higher temperature, the vibrational displacements of the atoms introduce disorder. The electron sees a "snapshot" of the ions displaced from their lattice points by thermal vibration. At 50 -100'C, Ep(T) due to thermal vibration is typically 10 meV in semiconductors, 50 meV in alkali halides.~'
The equivalence of thermal and amorphous disorder has been widely discussed.
To evaluate band tails in crystals, a disordered potential V(r) is introduced in addition to the perfect crystal potential. The correlation function W(r) = (V(r)V (0) We assume independent, f'ree electrons in a disordered potential, V(r). All crystal effects, the electron-electron and electron-hole interactions are neglected.
Particularly, with electron-hole interactions neglected, all exciton effects are ignored. This approximation is discussed below. The average of V(r) is set to zero and only the correlation function, W(7 ) = (V(r)V (0) 
The 
where p is the mass density of the crystal, and A is the deformation potential parameter. From this form of the interaction, we obtain and v = E/EL, .
- (21) and (22) We would like to comment on the relation of our calculated W to exciton formation. From Fig. 1 we see that even at 10 K, the electrons move in a potential field that fiuctuates in magnitude by + -40 meV and becomes uncorrelated on a length scale of 5 A. , whereas the exEl. is calculated using m* = l.lm, . In this case ((T) was approximately three times larger, but I = 2.7 A. independent of temperature. In Fig. 4 and that the absolute value of Eo(T) at room temperature is somewhat larger than the observed value. For GaAs, we flnd that the temperature dependence is much smaller with Ep(T) increasing by only 4 meV between 32 C and 450 C. We interpret this as signifying that the measured Eo in GaAs is largely due to structural disorder, with a small temperature variation due to thermal displacement of the ions.
